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(57) Abstract: There are provided a memory element 
and a memory device capable of obtaining a spin con- 
duction layer having a sufficient spin coherence length 
and a uniform spin field which enable implementation 
in practice. The spin conduction layer (paramagnetic 
layer) (24) is, for example, a thin film of fullerene hav- 
ing a thickness of 0.5 nm to 5 U m. The fullerene has 
a hollow space of size 0. 1 nm to 50 nm and a para- 
magnetic material is contained in this hollow space. In 
the fullerene thin film, a Fermi vector is preferably su- 
perimposed on the minority -spin-band or the majority- 
spin-band of the ferromagnetic fixed layer (23) and the 
ferromagnetic free layer (25) and the spin orientation of 
the paramagnetic material contained is at random. Fur- 
thermore, the electron spin in the fullerene is in a quan- 
tized state in the pseudo-0-dimensional space. Thus, 
in the fullerene thin film, the spin coherence length be- 
comes longer and no spin-polarized conduction elec- 
trons are scattered. 

(57) -htf&XeVZl fc— UVXgfccfct/iip 

>6»li(*«ttJi)C24)tt* ffiia.f*»**<0.5nm 

ja_t5^mWT<ortti^^— is^mmvfo&o y 

^—Islsit. #J*tf*£2rt<0.1nmJU-t50nmlUT 

fc»(25)(D'j>«x tf>/<> K*fc»»»x tf Kt «fc < m^oxfc y . sfc* rta**/ci*s**tt»»<ox e 
ztti^^y^a^^— u>3fmt?i*xe>=i t-u>xs^i<^y, >®HLfc45**^<Diksi^<^«o 
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jfi^S^nTV^SS^7>^A • • p^'J (Magnetic Random Access 

Memory ; MR AM) «» SRAM (Static RAM) ©!&j$fe DRAM (Dynamic R 
AM) ©ffifftft* jSnXhtt* 77 v Va^t 'J ©^»»tt***ai^.T* 0 

WO^ri'h • \ t £.l<X%fW&'£tlX\')Z>. MRAMI4, -ES^S:^ 

«kt), *©^;pfl©iB*IB©«te*IK*«L'Tb:v H»»©«eii***ffteti* 
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•e®8 0 %©^£<DMat&^£<hk:&3o 

StM^ftti^MRAM^^ntt^ (#§S¥ 1 1 - 1 2 0 7 5 8-*£« 

*J#fcB3feSn<&!ftlKttJi (HSSJi) lilts try h««KfcC-c«{fc;£6l*£ 
<fb£-fr33£J&'l£JS (g**) 1 1 2i*t, #5814111 1 3fcJ;DIHTSnTt»S. 

#a&tt&«Ji ii4, ii5n 111, 112 k:«jb:#i*jk:*«e 
*»E-rfcft©*a»T*a. <nsxtr>&A*rm> aiattii 11.11 2K# 

»&{g;L£o ^ctD, IJUBttHl 1 2T!tt, ffiSffUBSSttTOa^-^h 
*«Sfe"T«. dO«*ttXli>»t>f«n«. £5bfc*t:>«i*<0ftAte<i:O 

b*>bfc*«&, ji©tt*K:*^T'b*fflft:tertiW-TOBIjB3ft»*ofc. 1 

li, 11 2oiwk:Eiisn*7ipan4»i 1 3 a, i^x^-tibT©sat 

lfc*bT, flttlll3H Xlf>=it-V'>^ft©*^*f»T*-3T, 
3£BH4Jgl 11,11 2fc#bT^K>«Ha.*««ftT/hSVJ*f»T**j&K«»**. 
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»*»f7 7-V» «»6feD, +»tt^tr>3t-I^>^«J:W-^li> 
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< tt>— ^©«-fb^iaiiRfls*»ijifi*n*58i*«k«SB2oai»ttjit, mt&mi& 

ft-fty-fS^a.-?) ©4>&< ife— flW*5&?>» iiufeifll ©3itffl&i4Jl£g§2CD 

«»««n* cita^T, $g i ©%&&ji tig 2 omm&mor&z&^Tx \l >u 

fcfc©Ta5£, 

3B1 Htt, 1 ©*Jfi«0Ji?l!llc«*^ : & , J* : f'O«li6«s3£&«-r«l5*H 

jfi £IftBJ3T£ fc * ©EiT£ £ . 

^5Ai&ui^5cin i?ii;<»*ji*»^sKea"r*fc«>©«=a:HT?»*. 

^6 AE|:i3«fctf&6 BI3te, *^Uiz;P^©tt*fflUOT£*t-*ia;HT?*S. 

^9@tt, PJi;<TFU^**lKWT*fc«>©BI , T?»*. 

$1 Oitt, fBiHfc^bfc/fJiH^IKiftlSSiawrSifcJ&WViBBIT* 



WO 2004/032238 
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5. 

f&l 1 AHft^bmi 1 CiH £1 O0KigKXf§<DgT®0T?c&3. 
Hi 2 Site, ffSl 1 CBIfc8iKi:@©»riiiBn!&*. 

Si 4AH^Vib£l 4CIH SI 2Hfci»<X8©»f®HTf»*. 
SI 5 AHft^bgSl 5 CHtt, mi 4CHKil!<Xeo»flliHT»*. 
mi 6HH mi 5CB©¥iWe**. 

mi 9in ^0joDm2o^jis©M^^^ ; eu^<DM^^-rsT*^o 

m2lBI«> ^ ; EU*^OSE»«ft«'rHTr»*. 

^2 2 011 |£*©;*lf>ft;UH**U*^©*JfcHT**. 



sb hj £^jrr s fc » © ft a © 
(m i ©**©»«> 

M&*£fr3 r*K>&AS!j CO^T&So !2Bllt ^^'J^MMUI 
M^lJNfflB^J : MX NEW $nfcfc©T&0, =6 U -fe;U 2 0 £7* tf >tfS*l b 

feiWa^swctCctD, ^^u-fe;P2 o©ie»ttfffi#»*fc*ft* u 
KTttsnt^itK una, yir;i/©*^$^/h£<&&£^nx h 
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^^Ut;V2 0ttSfi2 1 £li?tT35D, £©S*£2 1 ©_tf~«m@J12 2*«J* 

jfcanTv>*. til 2 2 ©iciaittw* eftsssit Hti <*i©a« 
m*.ttMM&?y 9— ^>icj;o»rtsnTv»a. ■*■©#»! fcov*T««sfc-r$. 

*fc!>f5SJf2 4©±fcttl&«#tm* s &fc*3a«tteS» (» 2 ©3SH8«i») 2 

0©M^|pl©^"fn^©— ^©^[rJ^|b]V>TV^= ^©?tffiStt§SM2 5©$tft; 
^tte»« ; ?©^lf>Cj6UTa5SSn*«k5lca:oTVsa. 3£fifrl4iEi3JI2 5 

g=&2 limtfv"J3> (S i) )&>&fc<&. «M 2 2, 2 6ttffltttt&JR. 
mX\Z& (Au) lC«kO#jSSftTV»*. iCMttiKttTli^Tfe, ^ 

7H>€il2 4tt, ±ifi©J;'5fcflt«tt#»2 4 h*fo&\stz7 : 7—V>2 4 

0T?«fB#©fc© 2*7C#^ : fTlbTV^. 

75-l/>2 4aH 0!l*.tf*S3a*O. 1 nmEJLt 5 0 nm^^Stl/ 
T*5D, C©#£ffl#K:*««:#tt2 4b#rt&^TV*S. yy-V>2 A & ii 

btu, 0s^.«Cs6, c« 0 > Cto, c 72 , C74, CTs**^ttCs2**ajswr e>ti^>o 

f®ttTO2 4bibTft 9>*> (La) > t->7A (Cs) , ^7"n->9 
A (Dy) , rL«7Ptf-7A (Eu) , **lrS»4J!f F U — (Gd) ^©^r±^7C 

n cs*) > p <u» •©^W7c**«*tf en*. 
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^msL-r & - 1 a*fc < > ia fc* u & £ 5 fc« * fcwaK? ft u t l-t %> , 

aB«H*ttte#«u cft6BWHi«» ru . roj wi^tbtM^ns. 

##: : (110) 63ft b c c F e 
(0 0 1) B3ft bcc F e 
C$jl®l*lgeft hep Co 
(111) Bflft fee Co 
(110) B3ft fee Co 
(0 0 1) 6Sft fee Co 
27C^:Fe,-r Co, (0<x<l) 

NixFei-* (0<x<0. 75) 
Ni7 9 Fe 2 i W-TO-f^) 
3 7G^-& : Mn F e C o 
F e C o N i 
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&m$ktfmm&& &m 2 5 © *>© £ o %#%\z±z^ttm*M$i?%£.-5 t-r*. 

wi&fts fefflSID?ts BB«fl!f* r o j a>e. r i j , ^fc, r i j 
r o j ^©«^B#ti^s^»iZi^m^ j ?'»ji^BtrBi$S7S:s«<h-r^ 

a. *&» !santH^» 2 3 ©-wia^tttt 

Mg6I2 5<D*>©«fcO'b;>cS<fcW'ntf&5fcV». fcfc, &ft1£g&J|2 5 
WlIi#tt0tt»H u SfT5lHtW«i lr>*»-&tt, ffiS-fb^FR] Si. 

*#s^stt«. — «iji^rtt©a»Hu*«/hSia«f«»*ffc«kof^ist 

s&, ^ne©« ; £M-r§i^KPP3!jn-r^M©ftW{cJ;o#e»n^. jm$w 
m?L\*. m«ji3!rttTjfe**«Mfe#»*to6rGi «ooi>*irj) niotift^ 

tifc (110) Ibc ctttt. iS^{b^J;^-S!iS^©iS^a*iHu^^-r 

JlHuS^-f-So lie, ffirtctt^fflfc— ttJiifrltfcfilfcfch c pn;\*;w 

fc£Fe|g-^1M h©x%WColiiai3bc c F e i- x Co* 
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\t. mm& (110) -e&o, <i o o^wciaw— «i»a;a*tt©afl2«P8«i 

gl^l/imKTCOglfttClilt^I^SctiaoTSSttiOliHu^ 

«ttglSJi2 5©J»aft5flffM«Tfc*N5i:fcW*UV». 

'I4@5£H2 3-*>HtfiM4SSJi2 5©Mft^?Hib~CP tMnSbW-fX5- 

St!, fiiD^ 5tt2 0©SR£Lfcl8flI#fllSi, s 2 ^ne> 

MM1TH 3&&tt@&J12 5©2'Q^b^^^ ; & , J-b;i/2 0 {C&tt-g. 2 OCO 

Sti, «8fl3©iSi*3i««)Dlft^.6ti«>i:iifcJ;0, B»flM8 r i j roj ©# 

<E) 3&tffton*. WAtfDII^lOTfTlfbl^T^S^ (I4A1) ©«& 

#.«#©£ ?fcff fens, -r&to-fe, n«Htai&n2 5T©*e>tRi5ifts©« 

WtflE^^Jp^ »Ktt@SJ12 5#S&«ttH£JB2 3^i«n*. £© 
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7Sf£*>*, •HMfflE/W* J e (7.-1* y ?->^*«I I ) t l/TtWfg/^M J 

pts»-*iftc*n«ctfcj:D, !£$H£gsjg2 5©^K>©iRi*3&«Ete*r«. 
(a) ±0 t/wtT^^^sns. 

^©.fcSfcbTyW v? 1 ^***! Stated fi)I 2 5 ©fifrfb ©!«]##£ 

ffMi^«t)5:5 (i4Ci) o ^nia Dft^^TtS. ft*, rip 
frafba^j <h«> 5 t3iiK#H^2 3 tomowmsifimvi* 

@^I2 3 «h©afb©ft#^©:£l$T&-S>;i<h£V>5. 

A125 J e (X-f «y ^>if^M I ) «», 

;UX J p£R##fafc»n*££fcJ;DI»*&3n*. 3S?K'I±H3£»2 3 

uot?, wgai23nit £©9ft«H4Bfflji2 3©*e>£afc<5i*]* 
t>jj«hMSRffsn, ^©7.tf>©in]#^s^-rs. d©R^$nfcxtf>$ 

5fc«£1B«fc*5tt*HMMlJ t (A) <fc 9 ^/f^WT/^^^JMI 

eieu 5s»ttaa»2 5©»{b©ra*3i«3ftattH)eji2 3 tHci^#diftt), ¥ 
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<m-£Vtmo)m& (i6Ai) tit, t«Tottab*«[^;^*ssitn* 
tt3 roj i:»«t5ffi«^^Vi« #»sns (»6BH) . 
i^«S?frIftI^ttI©l^ (i7AS) Cte, ttJMKJ t«T©RtH 

ens (*7bb) . 

MRJt (AR/R) *#*fc*fc, RaSttHJfeJi2 3*J;^«ttiftJi2 5©# 
JBSftJ*?"*****©*? ©iHffiP oli, P o 1 2 1 fc©£ 

2- Pol f go ^ 3 

1- Pol Pol 2 

J: 5 1 U if MM 1 ©7 H t L/Ttt« U #'J 

«i5KB»4 2*«tZffi3i4 8t«tf, ;i*ie>IEg&4 2, 4 3©Ml:^tUt 

0 IC&R&ISRI*. «@J122T© lttft, MJS2 6T©2tti0riU Ii#t4 
JB^JWS^ffton*. fcfe, 1S12 2, 2 6©#*fcl*BflSRr«2«l^»je 

xy7FW*a©i^tli. x, yffi@S*fi4 3, 4 4KHB*fc/W**<fflia£ 
ni^K©*. Iffi^i^. 5 t«*«ifitis ^ i }; j; D ^ U 2 0 

iiiR£*l£o £©£#> **ii**»fffen*^ i &U-feJU2 OW^T/^OHS 
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<fcoT> *S2 l©ffirtOBS*ii>0«* (^f^WM2cmX2cm) 
«JAtfAu^6!a:5«ffii2 2 SfifelilTS. H©ttM 2 2 ©ff Stifllfctf 0 . 5 
tJLmt.'t^>o 

&\z, ^iiB0i:Sbfc<k5C. tM2 2 0Jtt. m«7th'jy^77 
-f&fcJ:^T, fS^5 0 nm5Jl±©l/^ hj|3 1 SMtS. £©£#, Vi? 

ggV^T, JBllCHl:Sbfc±5iC, «BjA.«^^^«koT, NisiFe 19 &5 
M^ft^A-^n-f fr5ft53&58ttH5t)I2 3S^mT^>. H©«HBH4H£J1 
2 3®J¥Sttfll*.fcf4nm£'ra. £fc> 3§H»ttH5£Ji 2 3 ©j£«t©PR, 10 0O 
e <0JB«&BJiPL-ftrt*5-- «HK«R^«S»jSS-a > *. 

0iJ^.«y7XvjH^{C«fcoT, 0iJ*.fcfL a£rt&bfcC82 (La@C 
82 ) fr*>l2.Z>> JP£**2 0 nmO^K>£fi2 4*ric)R-r*. H©C82»4«Atf 
#2**0. 1 nm£U:5 0 nmUTF©+££WbT:fc 9 > I€^HLaS^ 

^^©X^X^M^gfcfflV^ (filjttf»B¥8- 5 9 2 2 0 WJB) . £© 
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z.(D^ou^vX^m^'mm.^m^. ^x^iiH^^n. 5 6mh 

2 , tB*Hl 5 OWC-fey bt" SdtlC.fctK -SSIftTL a£>IE-1* 3->79 
StESttSSJf 2 3±fC, L a@C8 2 ^e>^S7,fc!>eSJi2 4M$t5. « 
@C 82 ) fCcfcD^-r^iotCb/jKOl?. i^-^IS^ft^^^Jlt^T^^ £fc 

s 2 ^ne.M'fb^^Si, s 2 ©i^n^o^ftsrsKo 

arts. #i>-e> mi 2m&&&%n 3 m^vtc^o\z, i/^hi3is§« 

i&j^pg|5 3 2 b#MtRM^j&£n3, 

u-hfrm%mmm3 3«/&-r&. zwmmms 3\$¥-m.fcmti<xmm?2>o 

>J-feJUgB3 2 a£«klWfc«firPS&3 2 b <D±®£fgffi3-&3. 

7hi3 4tt> M^§B3 2 b£M5£*fc^U-fc:;i/BB3 2 a£^ffi3i±£± 

t^-e, mi 5 AEI^bfcJ:5fc, I/^xM3 4$I'5i:5l:UT> 08&«Au 

^ <bfcz>&m 3 5 £j&ii-r&. 
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m^X. |S15BHfc*bfcJ:5fc. l^^M3 4**«l**tSui:lcJ;D 

OC-SOlllWKiS^fefflT, mil* 2 6 tm^Wfc&^tlTV^. 

$§H^B3 2 bttffi^r©«a»2 2£*«WteJS«S3nTU3. 

^13 5K«E«^fflC!7'ft3 6, 3 7 & itftH/^lO^-f * 3 8 , 3 
9 5#>r^>^:J:t)^t5. «l (Cu) ^S&5t-h'»i' 

.to, ru roj KttM^asns. 

^ ©X H >SiI 2 4 ttrt^7 7 - 1' >1I (13 0) a>6&*. 1*3 

4£ft-a:7 7-l/>^$l£-r&£<t{;:£0, ^— &i$!g|Jjfcfi£fT -5 £<k*3«fctf7.t! 
& «fc ^ ClfcCDT, ^-fe»iW6«*ff 5 21 tr>3 t-l/>Xft$W 
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$n5feOtttft<> a*SE»J&«WT?»*< 9ftWttHM 2 3 ©«fll© 

W**BfJ6o*iailciljrr*fc»fc, MtttB£l 2 3 ©— tf-dAWrSBiate 
**»*»6a:*»fl5H^JB5 1 (3B17H^HI) SMTSioCbTfeJ;^, K5£ 
att*M4iLTW:, FeMn, I rMn, NiMn, RhMn, CrMnPt, F 
e Mn P t^Sr^f £>tl£„ nnSCD't'T, NiMnlt iaia-e^^c^t/^ tf >n> 
ifm WiLli* T=4 5 0KST*6 5 0OeII) J&«#£>*15 £ i:*6fflT»5. 

^wattflct^att&jRas^iW'fc^Tfci, a«#w<t&o, ^t:>aa 

• Tt4U«!:i* , "e** (WAR. FIEDERLING, M. KEIM, G. REUSCHER, W. 
OSSAU G. SCHMIDT, A. WAAG & L. W. MOLENKAMP Nature 402, 787 - 790 
(1999)" Injection and detection of a spin-polarized current in a light- 
emitting diode") . 

tilttft^tlTH (In,Mn)As, (Ga.Mn)As, (Cd.Mn)Te, (Zn.Mn)Te, 

(Zn,Cr)Te75^tf ens. 
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#»tttt££*rtftbfcXl£>6BWfcH5 2©ttHtt. 20©ftBStt/l (ftB3H4 
HJgJ12 3*«fcat3ft«tti*JB2 5) OMT?»n««kV»*«, «fc Off* b <«»«!: 

&sai*ttH^Ji2 3t^tr>e»JB UK>€tB2 4) ©k^d, ^^^^ 

SfcJ&fc, ±E*#SSBttRAMte*tbT, W*««*tHb«©Ji«lHll&&»*& 
tr£5fcb-Cb±v». HK> ±f2^liS©Weteg|fc2 l ©±fc, 1SI2 2, ft 
«E*feHJ£Jl 2 3 . 2 4, «§SI2 5&£tf«*IJi2 6*£©ffi 

1112 6^B£IR2 1 £l?©$t>&£5^~o 

<ttf6M*i6> 

MJB ;AuI (f$2 5nm) 

ft^'figSH ;Ni«Fei9!5»6&5^-'7n'fR (ff$lnm> c 
ftatt@^» ©$fc £ ¥fr £ & 3 «fc "5 &— ttSjfrtt * ) 
ffrfflStt® ;La@C 82 fI (f§2 0nm) 

3£58tt0^Jl ;NiiiFen*5ft*AJ-VP'fi (J¥£4nm, — 

ttM ; Aui ()?S 5 0 0nm) 

ffiHSSft* : ~ 9 0 % 

ft»tte*«te# , r*ffirt#8&£>frtt'K* : Hu = +2Ku/Ms~l OOe 
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: ~1- 9X1 0 15 cm 2 
^;UA*- higit : 0 . 0 0 5 

3 t : ~ 8 X 1 0 3 A/ c m 2 
m^JSm : 1 6mQ 

/■iXmm (1 OHz BW, 7 7k) : 0. 2nV 

mi5^yf>^«W:~2Xl 0* A/ cm 2 
X-f 7?>^9 (0~7t) :~~0. 05/i# 
Mliib*CDtf-^^^«^ : ~0. lpW 

musvmm&g. :~3xio* a/ cm 2 

^aJb*8SA;P7. : ~5. O/iA, 1Hz 

CPP GMR 4% AR/R : ~ (8 0 0 uQi/2 OmQ) 

W^^-St 0 ®JE : ~ 5 n V 

^^i^ : ~ 3 0 % 

|iIt»t-5Irtf«ttSi : Hu = +2Ku/Ms~l OOe 
~1. 9Xl0 15 cm 2 

M*«ff* : 0. 0 1 
KaM J t :~8X10 3 A/cm 2 

: 1 6mQ 

MXSE (10Hz BW, 77k) :~0. 3nV 
<9A&m> 

. mmz&ZX-l y9->#nwai&: ~2X1 0 4 A/cm 2 
*-f yf>^»fl (0~tc) :~0. 
^tBL/ffOlf-^^^m* : ~0. lpW 
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mm VmWL®& : ~ 4 X 1 0 3 A/ cm 2 
^tHLm»StA°JUX : ~6. 4 At A, 1 Hz 
CPP GMR 4% AR/R : ~ (8 0 0 iiQ/1 6mQ) 
WifflblE : ~5 n V 

^AuMcD^DfwL a@C 8 2iS<!:-rn^ ^Fi¥f§1£R AM(D'|±tgcT>|p]_t£Ei& £ 

^v^yif^MMB. : ~5. 8X10 6 A/cm 2 . 
7<7?>^IIK9 (0~tc) :~0. 0 8m# 

mim<*<D¥-pmnnt> •. - 1. o P w 

ittlbi»« : ~ 1 X 1 0 s A/cm 2 
^fflbmgftAVl/X : ~5. O^A, 1Hz 
CPP GMR 4% AR/R : ~ (8 0 0 u Q./2 OmQ) 
TO^#-3X 0 mBE : ~ 4 0 n V 
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5 A, 5BfcSMftSftW*. 

ifi^Ttt. t07K>3t-l/^fi*»2 0 0 nm&±T?*S 
$ tl T £ (K. Tsukagoshi, B.W. Alphenaar and H. Ago "Spin coherent 
transport in a ferromagnet ical ly contacted carbon nanotube" Nature 401, 
572-574 (1999) ) . tnfcttU Z. Z.X<D7, tf 3 0J9#- (#-#>:?- 7 

(1) ^tf>^®3 tisTmmznztmmiz. (2) ^^©^stff^-r 

-^7S*-{'> 5 4 6 1 1 4*&*fc«> ^-#>t/5 1 a-^^i:* 

fcA'^^t/fi-^^tft, (1) ^a— :/l*3« (5-1 Onm) #»flf 

(2) ^a.— ^©ft(ii*siate^n«, -t©s^i4^6a*"cflsafflE©Sii«5t 
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zmwrztcMz, a^ii, gE&ji2<D8Hbi2ft«#K££bT^fcn3. 

43cfc^ne>©2 7C'&^, NiFe&i MnFeCo, FeCoNim 

^tJW14fr^6, gE&Ji2telSi&$, ;1-7D^ (N i 79 F e 2 1) fO«it#^ 

<f>~30nm, teMma ~6k0e) ^, Fe0 2 m^ «&J&^|gl023K , &?Hi&@ci> ~5n 
m , HcJ -IkOe) ft£©^gt; W^^ffi^SCim^. 
@^Ji 1 ^»^b@B(R]*-^l'^fc*^> *JUA*- t>«^&fr § E&J1 
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SUTeaJB2«fcD**«:-«I»«a^tt*W4-bfc»3-r*i:J:Va. »*V»tt» B 
jgJillcJESWSttP ****** HfttK^rSiiCbTfcJ:^. S 

^■©.k^^ltt^SWttt, FeMn, IrMn, N iMnUWRhM 
#ttffi£#Hu >1 0 0Oe©-iKliS*tt^#t2>i:J:^ glSii2© 

f^MM2(t ^-^^^-^©S^fcfi^nfct&^&oTfcD, ffllif 
H4A, 4B*i^ffi«»5A, 5Btt, «*©¥*^I^*fflV>T»«T* 

5 A, 5B©2*T8F*f. ^©J;pCSa^1iiS^ffimTS.?)^i: ! fcfiJ^©-^Tfe 
i2 0P:SbfcJ:5t> vhU^^«CB9d***t» EOfcHlttfcBatfaMR 
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2, {tj —$>j-;^3.-~7i. ozMMzuzf) tci-^T^fcn, mmfcztitzm 

&**V*?MlA2\Z.XvXm%**Vmm<D**V*ft&m&i£M. unci 

>^-y^-3.— (Jeong et al :Chem.Mater. ,YolU, No. 4, ppl859-1862 (200 
2)) SfflUX, @El^bfc*-#>±y5 L 3.-^^^b, fa-^OtSSKWt 

roj , rij »:^02fli5 i -^fc»jfeS-&*ilit?*»*E»-rs«k 
SlCfcoXH*. ^-*©»*&*tt, BiStM^lR] (CPP : Current Perpen 
dicular to Plane) te8W/tJI/^«*fc <kt>Ti AS 2 OiMSS^Sf§ H 

spff «flstt&^ t ^it s -a- s > MB i # 6 a a Ji 2 fcflw* xwwflyw 

^-^©WW-ttlU 0ifcD±iE©2 0<2a<fct^©t&B 1 J«. ^JA^M^SiS^ 
ft<Dg*$^5in$J* (CPP-GMR : Giant Magneto-Resistive ) SfflV^TfT 
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iW^>l^n.s^ta;<itii, g*ji2K&A£n£o <fcoT> 

£fc> ^tU*?©*^^ 0©$^©l*lg|5tClR4&e> 
nfc«riGt&oTVi*©T, ra*©«MJnl8«K± 1M 
S^nS. ctoT. £©«»*^y*^MM2*fflVvr##fcHM©*^U8B 
SUSCtms. ^©^^> HJB11. afil2iiWijii&5ttx& 

a-fbfiiRittiitcftjeLTfiifcn*. sefc, jj—$>-r;^^-~7\ o«— 

Di«v>* *£>E#MfcHl l©tt««> 2^©5t 
BSttJg (BflKttBfcHl 2) ©Ml?»ntf«fcV»d«, J:D$7-^b 

<ttSlp4:Ja:S3ftattB3fe»lt^tr>ei»Ji3t©IBT?»0, £*aK:«fc?K Xbf 

(SHififlJ l ) 
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<DT&.5o mmzm<bntcffl?i\z> 7;Rtsissi^ (Tfc^»Lteiag*g# 

BflPbfc^ti) s g#80nm, fcfttfl. 0 X 1 0 10 pores/cm 3 -eSofc. 

I07Mt»lS*CoSO4 • 7H 2 OM^KM^-B". 18V©$ 

fc«t»3-B-&. ilCCotfll g&£H 2 10%. Ar9 0%©S^XC5 
C 2 H 2 10%, H^OS^Hr^t'JT^m^tTfti&U 

ft»»»*bfc. tots, attfrrtfi^-y^a-^ feitKma^Bifct**? 
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bT7 Fl/XSrt^fdo &$k\Z. 

<mw-^nrcm> 



IBIMStJ t 

y-rxmff (iohz bw, 77k > 

CPP-GMR 4 % AR/R 
(#d60iJ2) 



~5 0% 

Hu =+ 2Ku/Ms —100 Oe 
~5. 0X1 0 ls cm 2 

0. 0 1 
~ 8 X 1 0 3 A/ c m 2 
1 6mQ 
0. 2nV 

~ 1 X 1 0 4 A/ c m 2 
~0. 05/isec 
~0. 1 pW 
~3 X 1 0 3 A/ cm 2 
~6. 4/j.A, 1Hz 
~ (8 0 0 /1 Q/ 1 6mQ) 
~ 5 n V 

~ 6 5Gbit/inch 2 
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Sf\ ^77 7^K»*l:, Ni, Y, /Wn< (NiFe^) 
0 0 T o r r Off*"FC*t>T. SJttT-^ftfciiT-^MSff ofc. 

©se»3teK*nwe**. ±iH^2©^is©ff^x»> 

zit-W>XS©^V^m#©^5Stt*f^S:^S-e:Tt>«fcVi. tO««tUTtt 
7 9_U>fc£0«**MBK Ag, Aufe2©iE«HBttT!&V*3 dM. 4d^S 
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m^a>t<hMh' (BN) ^rr-^ + J 

a sic, *2o*»o»iTH *-#>tyfa-^ioa»BJ6ii, SSffl 

&g £ Jig D X |WT 3 »ifi * i * E £ * b 
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JSC *fSHjo*^'JgiS(;:£ttK£, *»H©** U *?*tMUB?!lb&'b©£ 

M^i6]fcsa^^-a-TS®T5^t^T^s. set, ^o^tuiwtf^ 
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2. iKibci^t^BSsnsii ©iHtit' 

4. jWIBWWWB. **S*»0. lnmWSOnmW^ftS 
Z. t S»»ttS«#C«5ffl« 3 «!5m© * =E 'J 

(Cs) , y^^D^A (Dy) , atfnfcTSA (Eu) fcfctttfP'J-SA 
(Gd) 
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d t fT SW^OttiBtB 2 HUBS©* ^ U 

s. r«raB»i©3ft«tt)it«2©»«tt»toraK:^t>E5!i^Ji*#^fc 

10. tWIB*aW8ttfrtt^ (In.Mn)As, (Ga.MiOAs, (Cd,Mn)Te, (Zn.Mn)Te, fc«ktf (Zn, 
Cr)Te©-5t>©4>fc< ffe— S^&^S 

C * »tR t T « ©ttH » 9 JSIB« O ^ =6 'J 

11. wiB3»*«^»»fc#»«tt#^rtft*^*o, 
- t *««trs»*©«BBJB 2 ^tans©* ^ u 

12. «MBJI5lOll«ttJI©ff*^ ffj|B^2<D?tm'l4Ji<i:D ! feffV^ 

1 4 . mmm<mmm teK*mmmfr s & s 

15. fufE^SSJf «M£3& feTV ^ 

l 6 . busBIS 2 ©»»tt*©ff*« 5 M^BfirFT&S 

i7. M®n^n-6nicm©w^^n, *nE««rairatt**»»*>s&* 
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z t z¥f%i£?z>mx<D®imm 1 wb*©*^ m^. 

19. -feJHBflNi 0 . 5nm 2 Eti5/im 2 £tTOS 

f 

Z t *4**fT 5»*©«SBBJR 2 3Ii2i&©* ^ U 
2 1. W13»2©3*«te«fc#£liM*U ■€■©£#££&*««;&- 

51 1 «W*fct**ll*©feB* l TO*©* * u 
£<h£#i&£-r3li5£©$2Hlg2 2^E*©* : EU* : ?. 

24. uriaiBtt^© i ifo-wtt^^xi^ 
2 5. mi3is^we^*xtr>g^iitt, *©w^iRi©««d»»fpiiSEfcfe^ 
jit*w«i-r*ai*©<eHjB2 2^13*©*^';^. 

2 6. ffiIB«##^&fc5Xe>e*JBWu *£8B#Kfl]l©#«fc«MT£!*] 

££&4$«£T<&tt#©teH#2 2«ta*©*^ y*^. 
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2 8. MtBXtf>gB*MbJ§tt, fllWS^btM 

2 9. «lfB#»att#tt> (In,Mn)As» (Ga.Mn)As, (Cd.Mn)Te, (Zn, Mn)Te, 43<£.t£ (Zn, 
Cr)TeC0'5*>O^^:< £:*>— 

3 1. IfflBWttSmi:*-*^^^-^* 5 

3 2. «»(0^t'J3lffiWEW«ftTft*^ ! e , J8I''?»^f' 

3 3. MSB^^'J^TO, 
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3 5. wc^'jami* 



WO 2004/032238 ^ ^^P2003/012647 




20 



%1\ 



20 



26 



^^P2003/0 12647 

2/14 



WO 2004/032238 





WO 2004/032238 



PO*WP2003/012647 



3/14 



g54A® 



I. Jet LlP 



mmm 



ns 



K(Jt)A<0 



B4cm 



earn 



1 



I.Jej JJp i>(Jt)A>0 



man 



ns 



85814 

&&& 



WO 2004/032238 



2003/012647 



4/14 



H6AH! 



n 



Vhigh 



Vlow 

t 



v 



n 



Vhigh 

Vlow 
t 




'2003/012647 



23 24 25 26 



WO 2004/032238 X 



m 



2003/012647 



7/14 



mi2m 



32a 



sy< \ \ \ 57 /\ > s > \ > 



23 24 25 26 

inky 




^3 



32b 



22 
•21 



H13EI 
32a 



<!> ^ o 

^> ^ ^> 

^ ^ ^ <^ 

& ^> ^ ^> 




■32b 



WO 2004/032238 PWWP2003/012647 



8/14 



32a 32b 




WO 2004/032238 



'2003/012647 




WO 2004/032238 



2003/012647 



10/14 

miem 

35 



CZI □ □ 

O O O 



o o o o 




o o o o 



o 



— ^ '^35 




32b 



WO 2004/032238 Vp I^WP2003/0 12647 



]^^P2 




WO 2004/032238 11 



2003/012647 



13/14 

^20 HI 





MM2 



WO 2004/032238 




]^fcp2003/0 12647 

14/14 



INTERNA'HPAL search report 



Int^^^^iaJ application No. 

PCT/JP03/12647 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H01L27/105, H01L43/08, H01L43/10 



According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int .CI 7 H01L27/105, H01L43/08, ' H01L43/10 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Kbho . 1996-2004 

Kokai Jitsuyo Shinan Koho 1971-2004 Toroku Jitsuyo Shinan Koho 1994-2004 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 11-120758 A (Sony Corp.), 
30 April, 1999 (30.04.99), 
Full text 
(Family: none) 


1-36 


A 


US 2001/0026468 Al (Akio TANIKAWA) , 
04 October, 2001 (04.i0.01), 
Full text 

& JP 2001-267513 A 
Full text 


1-36 


E,A 


JP 2003-347515 A (UMK Technology Kabushiki 
Kaisha) , 

05 December, 2003 (05.12.03), 
Full text; 
(Family: none) 


1-36 



| J Further documents are listed in the continuation of Box C. See patent family annex. 



Special categories of cited documents: "T* 
' document defining the general state of the art which is not 
considered to be of particular relevance 
"E" earlier document but published on or after the international filing "X" 
date 

'L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other T 
special reason (as specified) 

O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later "& w 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
05 January, 2004 (05.01.04) 


Date of mailing of the international search report 

20 January, 2004 (20.01.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



r 



* 



• 



mmmm^ pct/j P03/12647 



*W©JRi-5#»o£3B (@^#1¥£« (IPO ) 
Int. CI 7 H01L27/105, H01L43/08, H01L43/10 



W*«rff-5*dft/MRS» (BKttftdS! (IPC) ) 

Int. CI 7 H01L27/105, H01L43/08, H01L43/10 



Q*mmmm&<&m 1922-1995^ 

$*m&mmmmm&n 1971-2004^ 

B*HSi«*r3Ba»^« 1 9 9 6-2 0 04^ 

^m^mmmmm^ 1994-2004^ 



SBRwaSTMsyn ufci^f-^^-^ (x^-^^<— fasted ufcfflff) 



3l/83:ift© 



EA 



JP 11-120758 A(V^— t^#%t) 1999. 04.30, 
(77 5 5^1) 

US 2001/0026468 Al(Akio TANIKAWA) 2001.10.04,^ 
& JP 2001-267513 A, ±X 

JP 2003-347515 A(=.— ^A^— • J p i^— t*5S#tfc) 
2003. 12. 05, 



1-36 



1-36 



1-36 



^ 5l^^c^o^7"7^ :=?y — 
ssft cm* 



Bffi1)GfEtte0ff3 B 20.01. 04 



SBWffi&^T US: fa 



05. 0 1. 2004 



B*04#fF/T (I SA/JP) 
£^#-*§-l 0 0 -8 9 1 5 
*SC»=P«; ffl I£ra# 5 IHHT I4f3t 



jeuj m 



03-3 581-1101 



4M 9 2 7 6 



3 4 6 0 



«SP.CT/ISA/2 10 (Jg2-<-^) (1 9 9 8*7^) 



